ABSTRACT
INTRODUCTION
Anthrax is caused by Bacillus anthracis which is a Gram-positive, spore-forming bacterium that usually infects herbivores. Humans are sometimes infected after exposure to contaminated animal products but anthrax poses a potential threat as a bioterror agent as seen in the 2001 anthrax attacks (1, 2) . After inhalation, the spores rapidly cause bacteraemia and toxaemia (3) .The toxin produced by this bacterium consists of three proteins ie protective antigen (PA), oedema factor (EF) and lethal factor (LF). After binding to the cell surface receptors, PA translocates the EF and LF inside the cell where they produce pathogenic effects (4) . By blocking this binding, one can interfere with toxin production and this becomes a potential therapeutic strategy. This mechanism also explains the usefulness of vaccination with PA or passive immunization with anti-PA serum (4, 5) . Initial clinical features of inhalation of anthrax are chills, nausea, fatigue and chest discomfort. Many patients present with haemorrhagic thoracic lymphadenitis, pleural effusions and sometimes haemorrhagic meningitis (6) . During infection, spores are deposited in the alveolar spaces of the lungs and germinate within two to 43 days. Clinical features develop immediately after germination. Actively dividing bacilli produce three components: PA, LF and EF. The toxins cause the inhibition of normal immune system functioning and interfere with signal transduction pathways of the cells and causes cell death ultimately (6, 7) . After inhalation, the spores germinate within the macrophages and lead to multiplication of the bacteria in blood, liberation of bacterial toxins, and rapidly progresses to septicaemia. Bacterial replication can be controlled by the use of antibiotics but the bacterial toxin has many deleterious effects on the body, contributing to significant mortality from the disease. The current treatment modalities (antibiotics and vaccines) are effective but they have their own limitations eg the need for 60 days of antibiotic therapy is linked with decreased compliance [during the 2001 anthrax attacks, the compliance rate was estimated to be 42%], also drug resistant strains have been reported (8) . At present, several antibiotics are effective in treatment and include: penicillin, doxycycline and ciprofloxacin. For treating inhalational anthrax, combinations of these antibiotics are used. The treating physician often starts treatment with ciprofloxacin with another drug given intravenously. The length of treatment is about 60 days because it may take spores that long to germinate. Cutaneous anthrax is treated with oral antibiotics usually for seven to 10 days. For cutaneous anthrax, doxycycline and ciprofloxacin are used (9) . Although vaccination is an effective measure in preventing disease, it requires repeated administration and takes around four weeks for the development of protective antibody titres, so it is ineffective in acute illness (10) . High mortality is seen when treatment is started after the onset of symptoms (11) . So, there is a great need for better and compliant therapies to improve available treatment options and clinical outcomes for inhalational anthrax.
Preview for anthrax in India
The highest incidence of anthrax is reported in the South. Around [3] 
Protective antigen: an attractive drug target for treatment of anthrax
The protective antigen (PA) offers an excellent therapeutic target for treatment of anthrax because it has a central role in the pathophysiology of anthrax. This target has already been explored in the form of PA-based human anthrax vaccine or purified PA (13−15) and it produces a protective immune response. Although passive immunization with polyclonal antibodies against PA has shown good response against anthrax spores (16, 17) , monoclonal antibodies (mAbs) are better suited for immunoprophylaxis because of many advantages over polyclonal antibodies in terms of high specificity, efficacy, purity and increased safety. Many potent anti-PA mAbs have been produced by using different methods (18−20) . These antibodies act by neutralizing PA by the following mechanisms: inhibition of receptor binding (21, 22) , interference with PA heptamer formation (23), interference with LF or EF binding to PA (24) , blockage of the enzymatic cleavage of PA (25) , and disruption of preformed PA heptamer (26, 27) . With the advancement of technology, it is possible to produce humanized and fully human mAbs against this target. The murine mAbs are associated with many adverse effects, particularly immune reactions, so they are usually not encouraged.
What is Raxibacumab?
Raxibacumab is a recombinant, fully human, IgG1λ mAb directed against PA of B anthracis. It inhibits PA binding to the anthrax toxin receptor and inhibits toxin-mediated cell death (28, 29) . It has been approved under animal rule or animal efficacy rule by the United States Food and Drug Administration (US-FDA) which comes into play when it is not feasible or ethical to perform controlled clinical trials in humans (in this case the humans cannot be exposed to anthrax). The development programme for raxibacumab was designed to meet the criteria described in the "Animal Rule" which includes demonstration of efficacy in at least two animal species, evaluation of safety in humans, and pharmacokinetic data to translate the exposures in animals to recommended doses in humans (30, 31).
The FDA approved raxibacumab [in December 2012] (31) for anthracis under fast-track designation. Currently, it is indicated for:
• Inhalational anthrax in adult and paediatric patients which is preventable when alternatives are not available or inappropriate.
• Treatment of anthrax in combination with antibiotics.
Mechanism of action and other pharmacological properties of raxibacumab (32−35)
The PA protein binds to its cell surface receptors [CMG2 or TEM8] and is cleaved by a membrane-bound furin-like protease leaving a 63 kDa fragment bound to the cell. This fragment acquires a heptameric barrel structure and exposes a site on PA to which LF and EF bind with high affinity. The bound EF and LF proteins are then translocated from the endosome to the cytosol where they exert their toxic effects. Oedema factor is an adenylate cyclase causing oedema by altering cellular homeostasis mechanisms. Lethal factor is a zinc metalloproteinase which causes hyper-inflammatory condition in macrophages, resulting in the outburst of pro-inflammatory cytokines that contributes to the haemodynamic alterations progressing to shock and causes death of infected subjects.
Raxibacumab inhibits the effects of anthrax toxin by interfering with PA binding to its receptor. It has high affinity for PA and the binding is highly specific. In this way, it protects the subsequent cell death because neutralization of toxins liberated by B anthracis can cause massive and irreversible tissue injury and death. It has been found that inhibition of PA binding by raxibacumab is a dose-dependent effect with a median inhibitory concentration (IC50) of 503 pM. It causes potent inhibition of PA-mediated induction of cAMP by PA/EF with an IC50 of 3.5 nM and lethal toxin mediated cell death in a dose-dependent manner with an IC50 of 0.21 nM. Raxibacumab also inhibited PA-mediated cell death in human macrophage.
Pharmacokinetics
The pharmacokinetics of raxibacumab were found to be linear over the dose range of 1 to 40 mg/kg following single intravenous administration and it was not tested at doses > 40 mg/kg in humans. At this dose in human subjects, the mean Cmax and AUCinf were 1020.3 ± 140.6 mcg/mL and 15845.8 ± 4333.5 261 mcg·day/mL, respectively. The mean raxibacumab steady-state volume of distribution is more than plasma volume, showing some tissue distribution. The clearance values were much smaller than the glomerular filtration rate, indicating negligible renal clearance of raxibacumab. Because the effectiveness of raxibacumab cannot be tested in humans, a comparison of raxibacumab exposures achieved in healthy human subjects to those observed in animal models of inhalational anthrax in therapeutic efficacy studies is necessary to support the dosage regimen of 40 mg/kg IV as a single dose for the treatment of inhalational anthrax in humans. Humans achieve similar or greater systemic exposure (Cmax and AUCinf) to raxibacumab following a single 40 mg/kg IV dose compared with New Zealand White rabbits and cynomolgus macaques receiving the same dosage regimen (32−34) .
Dosing schedule
Raxibacumab is given as a single dose of 40 mg/kg IV after dilution in 0.9% sodium chloride and infused over 2.25 hours. Premedication with diphenhydramine is needed within one hour prior to raxibacumab administration. This reduces the incidence of infusion-related reactions. These infusion-related reactions (rash, urticarial and pruritus) are reported during administration of the drug. For controlling the reactions, the infusion of raxibacumab should be slowed or stopped and should be treated appropriately.
Raxibacumab has been assigned to category B of pregnancy drugs. There is no adequate and well controlled studies in pregnant women. Also, animal reproduction studies are not always predictive of human response; thus, the use of raxibacumab during pregnancy should be restricted and it should be given only if clearly needed (33, 34) .
Developmental research
In a study done on rats (n = 324), the effects of raxibacumab versus placebo were investigated at three hours, six hours, nine hours, or twelve hours after the initiation of a 24-hour lethal toxin infusion (29) . In rats receiving placebo, mean arterial blood pressure and heart rate were decreased in non-survivors when compared with those in survivors taken at six hours and then worsened with lethality first evident at eight hours [median 16 hours, range 8-152 hours]. At each treatment time, survival rates were greater for raxibacumab than for placebo but improvement was decreased at later treatment times [p = 0.001, for the effect of time]. Compared with placebo, raxibacumab significantly increased mean arterial blood pressure during the 12 hours after the initiation of treatment with the greatest increase at three hours; similarly, raxibacumab significantly increased heart rate at all treatment times. The authors concluded that improvements in outcome due to raxibacumab were significant when it was administered up to six hours [and approached significance when administered up to 12 hours] after initial exposure to LeTx (29) . It may be beneficial clinically when PA-mAb is administered after the onset of shock and lethality due to LeTx.
In a randomized, single-blind, placebo-controlled, doseescalation study involving 105 healthy volunteers, the safety, pharmacokinetics, and biological activity of raxibacumab were evaluated (35) . Subjects received raxibacumab or placebo as a single intramuscular injection [11 subjects/cohort] or intravenous infusion [10 subjects/cohort]. Three intramuscular dose levels [0.3, 1.0, and 3.0 mg/kg] and five intravenous dose levels [1.0, 3.0, 10, 20 , and 40 mg/kg] were studied. In two separate intramuscular injection sites [gluteus maximus and vastus lateralis], it was observed that the drug was well tolerated with no dose-limiting adverse events. The adverse events were transient and mild to moderate in incidence and/or severity. The pharmacokinetics were found to be linear within each route and site of administration but were significantly different between the gluteus maximus and vastus lateralis. The mean terminal elimination half-life ranged from 15 days to 19 days. Bioavailability of PA-mAb is approximately 50% for intramuscular gluteus maximus injection and 71%--85% for intramuscular vastus lateralis injection. The biological activities of PA-mAb in serum were assessed using a cyclic adenosine monophosphate assay which correlated with serum concentrations. The authors concluded that this drug is safe, well tolerated, and bioavailable after a single intramuscular or intravenous dose and they supported the further clinical development as a novel therapeutic agent for inhalational anthrax.
CONCLUSION
Anthrax poses a great challenge to existing healthcare system as current treatment is not satisfactory in terms of compliance and safety. Under threat of bioterrorism, we must have some alternatives which can readily control the condition. Raxibacumab works to address these serious issues and can be a good alternative to the existing therapies or it can become a part of the existing therapies [as combination] to deal with the serious situations like bioterror attacks. 
